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INTRODUCTION
The North Central Collaboration for Education in NDEINDT began efforts to improve NDE education in October 1996. The program is funded for three years with a grant from the National Science Foundation. The program is aimed at enhancing education in nondestructive evaluation and improving articulation between community college technician training programs and university technical degree programs. The main participants in the collaboration are: Cowley County Community College in Arkansas City, Kansas; Northeast Iowa Community College in Peosta, Iowa; Ridgewater College in Hutchinson, Minnesota; Southeast Community College in Milford, Nebraska; and Iowa State University in Ames, Iowa. The effort is also supported by industry, a professional society, and regional high school partners via an advisory board. A model of operation is presented in Figure 1 .
Consortium members are working together to: 1) develop new educational materials to better prepare students for careers as NDE technicians or for additional study at a four year institution, 2) develop new educational modules which introduce NDE in fields of study such as welding and casting technology, 3) develop information to introduce NDE as a possible career choice to high school students, and 4) encourage transfer of qualified students from the community college to an undergraduate engineering program. The program also offers scholarship and summer research employment opportunities at Iowa State University for community college students and professional development opportunities to community college NDE instructors. This paper presents an introduction and overview to the collaboration. Additional information on the education improvement projects can be found in several related papers in this publication. 
BACKGROUND INFORMATION
Increased requirements for improving the reliability of machines in a wide spectrum of industries have created a growing demand for educational and training opportunities in nondestructive testing/nondestructive evaluation. To meet this demand, an uncoordinated array of educational programs ranging from specialized NDE technician training at vocational schools to sophisticated postdoctoral NDE research programs have developed independently over the past 20 years. NDE technician programs have developed and flourished in several parts of the country, largely in response to specific technical requirements of industrial employers, and often in relative isolation from other two-year and four-year programs. Similarly, advanced research programs in NDE have been developed at universities and in government and industrial laboratories in response to increasing needs for better understanding of the physical principles that form the foundation of quantitative NDE. In general, programs at the extreme ends of this continuum have been more fully developed than programs at the undergraduate and beginning engineering levels, and this has contributed, along with other factors, to a lack of communication, interaction and articulation among existing two-year and fouryear programs in NDE.
The need for better communication and coordination is being driven by several factors. First, industry is becoming increasingly reliant on the effective application of NDE technology. As a result, the demands on the NDE technician are also increasing and technicians entering the workforce must be well trained. Community college programs are being asked to provide technicians with stronger problem solving skills. This requires students to have a better understanding of the math and science used in the various NDE methods. New teaching methods and tools which can speed learning and increase students understanding of material have been developed at Iowa State University and are ready for transfer and use in the community college curricula. A second factor driving the need for more collaboration is that NDE is a rapidly growing and changing field. NDE education programs require frequent updating to keep pace with new technology. New training modules are not always commercially available and are expensive to produce. A collaborative effort that shares in the development of the new material is not only more cost effective but also usually results in a better product. The third driver for collaboration is that in some industries, inspection is now receiving consideration during the initial design phase of a part or component. This move from a strictly end item inspection process to a design for inspectability concept is leading to a demand for more engineers with NDE training. Many students completing associate degree programs in NDE are in a good position to transfer into an engineering program to meet this growing need. Good articulation arrangements are needed to encourage students to pursue engineering degrees with smooth transfer from two-year to four-year programs.
To start addressing the weak connection between programs and to identify areas for improvement, Iowa State University and five community colleges in the north central states began discussions in 1995 under a planning grant from the National Science Foundation. These discussions led to two closely related proposals that were funded by the NSF. The NSF Advanced Technology Education (ATE) Program funded one of the proposals. The ATE program is aimed at improving science, mathematics, and technology courses at two-year colleges so students will be better prepared for employment or transfer to four-year universities for additional education. The NSF Engineering Education and Centers (EEC) Division funded the second proposal. The work funded by the two proposals is tightly intertwined and, therefore, reported on jointly in this paper. In October of 1996, the North Central Collaboration for NDEINDT Education officially began efforts to improve NDE education by developing educational and training opportunities that foster collaboration, interaction, and transfer of ideas and technology among all sectors of education.
PROGRAM OBJECTIVES AND STRATEGIES
The primary objective of this project is to build cooperative efforts among NDE programs in the north central part of the United States to improve technological education in NDE. As mentioned in the previous section, several areas were identified that would benefit from a collaborative effort. To address these areas and guide the program, the following strategies were developed:
I. Update courses and curricula to keep pace with new technology advances and meet the evolving needs of industry.
Transfer new research developments, technology, and educational methods from
Iowa State University to two-year curricula. 3. Strengthen math and science education at two-year institutions to prepare students for increasingly technical job requirements, or to smooth transfer of students into engineering degree programs. 4. Develop materials to motivate junior and senior high school students to study math and science in preparation for high-technology careers such as NDE.
CURRICULA AND COURSE DEVELOPMENT PROJECTS
These strategies have been converted into a number of projects, which will be completed over the course of the planned three-year program. During the program, the collaboration parties will work together to: I. Develop two or three new instructional modules covering new NDE technology. 2. Redevelop a two-year curriculum to address the use of new teaching methods, advances in NDE technology, and math and science skills required by industry. 3. Develop one or two new courses to introduce NDE to high school students and students in non-NDE programs such as welding or other manufacturing technologies. 4. Port the NDE computer simulation programs and develop instructional modules to facilitate transfer to classrooms. 5. Disseminate the developed materials and information by various means including workshops, publications and the Internet.
Each collaborating institution has identified one of the projects to complete. While each institution will lead the effort to complete a particular project, all participants are providing input and critical review to all projects. The five projects currently in progress are described below.
Development of a Teaching Module for Real-time X-ray u Northeast Iowa Community College.
Real time radiography is an advanced nondestructive evaluation technique, which is gaining wide use in industry. The method uses a standard x-ray system with the addition of an image intensifier to examine a material, component, or assembly in real time (rather than with film) for the presence of structural or component imperfections. The proper use of a real-time system requires special knowledge and training. This project will develop a course with hands-on lab exercises to instruct students in the use of this advanced NDE technique. A presentation of the fundamental and theoretical principles of various radiographic real time procedures and applications will be covered. It will also provide students with knowledge of practices used in typical image analysis and enhancement systems.
Complete Curriculum Redevelopment for a Semester Based Schedule --Ridgewater College.
Ridgewater College is in the process of converting from a quarter based to a semester-based schedule. This change requires revision of their NDE curriculum. As the curriculum is reworked, several tasks will be completed to arrive at an updated and improved program. First, an industry survey will be conducted to identify strengths and shortcomings of current NDE technician training programs. As part of this survey, industry employers will be asked whether technicians entering the workforce have the math and science skills required to perform their job functions properly. Employers will also be asked what new NDE technologies should be added to the training curriculum. Based on the survey results, math and physics requirements will be reviewed to ensure that students meet current competency levels required by industry, and advanced NDE techniques that are finding significant use in industry will be added to the curriculum. The project will also take a comprehensive look at new teaching methods and incorporate the most promising new methods into the revised curriculum.
Development of an
The process of upgrading the mathematics and science base oftechnology programs must begin while students are at the high school level, ifnot before. The thrust of this project is to increase the pool of students at the high school level who are prepared to pursue further education in science, engineering or technology. An important objective of this project is to deliver a suitable curriculum that when used by high schools will increase the student's awareness ofNDE as a career option and, at the same time, stress the importance of math, science and physics related to a technical or engineering discipline. The curriculum will be developed in a manner that will also make it suitable for use by post-secondary schools and industry. Course materials will include printed test and workbooks. As these materials are developed, the project will explore the feasibility of developing multimedia materials and computer based training delivery methods. Demonstration kits will be developed to provide the user with the ability to reinforce course lessons with hands-on activities. The NDE methods covered in the introduction course will include; visual, ultrasonic, radiography, magnetic particle, liquid dye penetrant, and eddy current.
Development of a Teaching Module for XRSIM --Cowley County Community
College.
The Center for NDE has been engaged in the development of computer NDE simulation programs for a number of years. These programs allow for physically accurate NDE inspection to be simulated using a computer aided design (CAD) model of a part. Three programs are in various states of development, and all have great potential for enhancing NDE education. The x-ray simulation model (XRSIM) is the most mature and is very functional on a workstation platform. The program was originally developed in a UNIX environment and much ofthe first year effort of this task has centered on porting the code to run in a LINUX environment on a Pc. The program was ported to a PC so it can be more easily transferred into more community college classrooms. Just prior to the QNDE conference the porting work was completed and the new PC based program was demonstrated at one of the poster presentation sessions.
With the porting of the program complete, the focus of this project is now on the development of instructional material that will allow the program to be used effectively in a classroom setting. Collaboration participants have identified five x-ray inspection exercises that they are most interested in using XRSIM to explain and demonstrate radiography to students. The first training module being developed will demonstrate the effects that kilovoJtage has on image contrast. The other training exercises in which XRSIM will be used include the development of exposure charts; calculation of time, distance, and amperage; calculation ofradiographic density conversion; and demonstration of defect to source relationships.
Use of the computer simulation program will impact technician education programs in a number of positive ways ranging from reducing film costs to speeding student learning. XRSIM will speed learning since the programs allow for radiographic images to be generated in seconds rather than 30 minutes or more usually required to process a film radiograph. This will allow students to more fully evaluate the effects that the xray system, technique set-up, and film variables have on image quality. The training materials should be available to introduce XRSIM in the classroom in the fall of 1998 if not before.
Development of an Internet Offering ofNDEINDE Education Materials --Iowa State University.
The fifth project currently in progress is the development ofNDE education materials on the Internet. This project will compile and present NDE information in the form of a course over the Internet. The starting point for the web site will be Iowa State University's NDE laboratory course for undergraduates (MSE 370L.) Additional information will be added to the site as it becomes available and the site will also serve to freely distribute the materials developed by the other projects of this collaboration. The material will be organized to address four distinct audiences. First, very basic NDE information will be organized as an introduction to NDE course for high school students and others with little knowledge of the field ofNDE. Using some of the same information but expanding the content, a course will be developed for community college students in NDE technician training programs. Building on the information further, a course will be developed for undergraduate and graduate engineering and science students. The site will also serve as a source of information for industry (technicians, engineers and managers). The beginnings of the course can be found at "www.cnde.iastate.edulncce/course.html."
ARTICULATION IMPROVEMENT ACTIVITIES
In addition to the course and curricula development projects discussed above, the collaboration has been working to improve the articulation between two-year NDE programs and four-year engineering programs. These efforts are aimed at developing a clear path to guide qualified students from high school through a community college NDE technician program and possibly on to an engineering program. Descriptions of the three main articulation improvement efforts follow.
NDE Engineering Information Day for Community College Students
The first NDE Engineering Information Day was held on February 25, 1997 at Iowa State University. Nearly 60 students from five area community colleges and several high schools attended the event. There were two primary objectives for the daylong event. One objective was to provide information on the engineering programs and the new NDE minor at ISU and encourage the students to consider these career options. The second objective was to reinforce the students' decisions to pursue careers in NDE and further motivate them through contact with industry, technical presentations and demonstrations of state-of-the-art NDE technology. The event received high marks from participants. The second NDE Engineering Information Day will be held on October 6, 1997 at ISU.
Student Scholarships and Summer Internship Program
Since many students choose two-year programs at community colleges for economic reasons, financial assistance, particularly in the form of scholarships, can significantly influence the decision to transfer to a four-year engineering program. For this reason, six $2,500 scholarships per year are offered through this collaboration to students who have completed a 2-year NDE technician program. Students must be enrolled or accepted into the engineering program at ISU. Scholarship award is largely based on academic performance and a committee with all member institutions of the collaboration represented selects recipients.
A second program designed to help students with their decision about pursuing an engineering degree is the summer internship program. This ten-week program allows potential transfer students to work and take a class at ISU to further evaluate the engineering option. Students take one of the core engineering courses and work for up to twenty hours per week doing research under the guidance of a mentoring researcher. There is funding to host up to eight students per year and three students participated in the program this past summer.
NDE Instructors Professional Development Program
A project that serves to improve both articulation and education in general is the NDE instructor professional development project. This undertaking offers instructors at the four participating community colleges the opportunity to spend four weeks at ISU participating in research, monitoring classes, investigating new equipment and software developed by CNDE, and working to improve articulation. One instructor from each of the four community colleges participated in the program this past summer. In addition to the four weeks spent at ISU, the instructors also attended and presented papers at the QNDE Conference.
DISSEMINATION OF INFORMATION
All of the materials developed during this program must be made widely and freely available to the technology education community. Several methods are being used to distribute the information. First, the information is being distributed through presentations and papers at technical conferences such as QNDE, ASNT and ASEE. A second method of information transfer is through workshops for educators. A workshop is currently planned for October of 1997 and will introduce participants to the use of the computer NDE simulation tool for teaching, as well as providing a general overview of all the collaboration projects. An Internet site has also been developed to provide visibility to the program and aid in the dissemination of information. The site currently contains introductory information about the program and the NSF Advanced Technological Education Program, information on planned activities and events, and contacts for more information. The site also has links to the home pages of each of the participating institutions and NSF. The site is updated regularly and the address on the World Wide Web is www.cnde.iastate.edulncce.html.
FUTURE PLANS
Collaboration members will continue to work together for the next several years to complete the projects that were summarized in the paper. Since some of the projects will not last the entire duration of the grant period, several additional projects are planned. One new project that is soon to begin is the porting of a 3-D graphical interface for the XRSIM program. This new interface will allow students to use 3-D CAD models of a part in the set-up for a radiographic exposure. The new interface will greatly enhance the user friendliness of the program. We also plan to start work on porting a version of the ultrasonic modeling program (UTSIM) to run on a personal computer in the near future. This program will help students to visualize how the sound energy reacts inside a part through use ofbeam modeling and ray tracing graphics.
SUMMARY
The North Central Collaboration ofNDE Education was funded as a NSF project in October of 1996. The thrust of this partnership is to improve the technological education and articulation among the various educational sectors and to build a relationship between the various NDTINDE programs in the north central part of the United States. Although the program has been in place for only a short time, a strong team effort is taking form and good progress has been made. By the end of the threeyear grant period, several significant improvements in NDE educational materials, such as the use ofNDE simulation programs, will be available for introduction into the community college technician training curricula. Also by the end of the grant, it is hoped that students, starting at the high school level, will have a comprehensible roadmap of the various educational and career choices offered in the field of nondestructive evaluation.
